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METHOD OF PRODUCING BRIGHT ANODIZED FINISHES FOR HIGH 
MAGNESIUM, ALUMINUM ALLOYS 



TECHNICAL FIELD 

This invention pertains to a process for obtaining a clear and glossy 
anodized coating on aluminum alloys containing more than about four percent 
by weight magnesium. More specifically, this invention pertains to a process 
5 for forming such an anodized coating that can be used to produce an 
acceptable finish surface for an automobile component. 

BACKGROUN13 OF THE INVENTION 

The desire to produce lower weight automobiles has led to the use 

10 of increased amounts of aluminum alloys in powertrain and body 

components. This usage is now extending to high magnesium content, 
aluminum sheet alloys that are capable of undergoing high elongation and 
substantial deformation into automobile body panels of complex shape. 
These aluminura alloys have a suitable composition and metallurgical 

15 microstructure for "superplastic forming" (SPF) on stretch form tooling at 
elevated forming temperatures. Aluminum Alloy 5083 is an example of a 
SPF sheet metal alloy that is now stretch formed at temperatures in the range 
of, e.g., 450 to 500°C to form one piece vehicle deck lid panels, tailgate 
panels, door psinels, quarter panels, and the like. 

20 In an assembled vehicle, exterior panels have to be painted or 

otherwise decoratively finished. Of course, aluminum body panels can be 
spray painted because spray painting is the state-of-the-art automobile 
industry practice for producing commercially acceptable decorative finishes, 
sometimes termed Class- A finishes, for all types of substrates. However, 

25 there is practical interest in developing other finishing processes for 

aluminum alloy panels and other components. A known possibility is to 
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anodize the surface of the aluminum panel and then decorate it by a coloring 
method. Anodizing of some aluminum alloys has been practiced for many 
years. 

Anodizing is an electrochemical process in which an aluminum 
5 alloy part is made the positive electrode (anode) in an acid electrolyte (e.g., 
sulfuric acid) and a voltage is applied to establish the desired polarization to 
establish oxygen at the surface. This electrochemical process thickens and 
toughens the naturally occurring oxide and the resulting aluminum oxide 
substance is very hard. 
10 In the electrochemical process the aluminum surface reacts with 

oxygen to produce adherent, oxide coatings: 

2AI -f 5 H2O □ AI2O3 + 020+ 5H2n 
In the sulfuric acid anodizing process, the oxide is slowly 
dissolved by the electrolyte and a porous oxide coating is produced. The net 
15 coating growth rate and its porosity depends on the equilibrium set up 

between the film growth and dissolution. Typical anodized oxide thicknesses 
are in the range of five to thirty micrometers (|Lim) and a typical pore 
diameter is about twenty nanometers (nm). The porous structure allows 
secondary infusions such as organic and inorganic coloring, lubricity aids 
20 and the like. 

Thus, the color anodizing of aluminum alloys is also a known art. 
But the results vary with the composition of the alloys. Alloying elements in 
the aluminum sheet affect the color of its anodized coating and the ability to 
achieve commercially acceptable finishes. For example, aluminum alloys 
25 containing more than about two to three percent by weight of magnesium 
tend to form dark gray anodized coatings by known anodizing processes, 

A tj^^pical composition of AA5083 is, by weight, 4.60% 
magnesium, 0.79% manganese, 0.10% silicon, 0,02% copper, 0.18% iron, 
0.01% zinc, 0 .11% chromium, 0.01% titanium and the balance aluminum. 
30 This alloy composition, together with special thermo-mechanical processing 
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of the sheet perirdts it to be processed by SPF into complex and durable body 
panel configurations. But the high magnesium content yields a gray, often 
dark, anodized finish by known anodizing practices. Furthermore the 
anodizing process results in a rough and low gloss surface. Despite repeated 
5 efforts, it is found that the anodized layer on an AA5083 sheet cannot be 
colored by known practices to yield coramercially acceptable exterior panels 
for the automobile industry. 

The literature of the prior art confirms this experience. For 
example, the text, "The Surface Treatment and Finishing of Aluminum and 

10 Its Alloys", Wernick, Pinner and Sheasby, 1987, describes the effects of 
various alloying elements on the appearance of anodized commercial 
aluminum alloys. This text states that magnesium containing, aluminum 
alloys can give clear colorless anodized coating for magnesium up to 3 % by 
weight. U.S. patent 4,601,796 entitled High Reflectance Semi-Specular 

15 Anodized Aluminum Alloy Product and Method of Forming Same, Powers 
and Dang, describes a method for obtaining a clear anodized layer for 
magnesium contents of only 0.25 to 1.5 weight percent magnesium. 

However, it would now be very useful to produce clear anodized 
aluminum oxide coatings on aluminum alloys containing more than three 

20 percent by weight magnesium. Such coatings could be colored or finished 
by some other process to make automotive panels and other useful articles. 
Accordingly, it is an object of this invention to provide a process for forming 
such coatings and products. It is a more specific object of this invention to 
devise a method of producing a clear and glossy anodized aluminimi oxide 

25 layer on a high magnesium content, aluminum alloy material of the type used 
in automotive vehicle external panels. The need is to provide such a coating 
that can be the a provided with a colored or clear finish acceptable for 
commercial vehicle use (i.e., a Class A finish). 
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SUMMARY OF THE INVENTION 

This invention provides basic chemical and/or electrochemical 
approaches to the surface treatment of certain high magnesium content 
5 aluminum alloys that have physical properties suitable for vehicle body 
and/or chassis components. In short, this invention provides a method for 
producing a clear anodized oxide layer (in contrast to a dark or colored 
surface layer), of suitable thickness on the surface of such components. And 
when the surface of the part has to be colored, the layer is sufficiently 
10 smooth, as indicated, e.g., by its gloss level, that it can be dyed or 

electrochemically colored or otherwise decorated to an automotive Class A 
finish. 

In a preferred embodiment, the invention is applied to a SPF 
sheet metal alloy such as AA5083 that has been shaped by a SPF process 

15 into an automobile body panel such as a deck lid or a door panel. After 
forming and cleaning, the panel is optionally subjected to a pre-anodizing 
process to selectively reduce the magnesium content of the surface to be 
anodized. Then, with or without such magnesium content reduction, the 
surface is carefully anodized at a suitably low current density to provide a 

20 uniform layer of aluminum oxide columnar crystals. The layer typically has 
a thickness in the range of about five to twenty-five micrometers. 
Furthermore, the oxide coating is visually clear and has a glossy, reflective 
surface. 

Thus, in the practice of this invention particular care is taken 
25 during processing of the surface to be anodized to prevent the high 

magnesium content of the aluminum alloy from causing the oxide growth 
process to yield the conventional rough and dark coating. It is the inventors' 
belief that all prior art anodizing practices as applied to aluminum alloys 
containing more than about 3 % by weight magnesium result in selective and 
30 overly rapid dissolution of the magnesium from the alloy surface. These 
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practices yield rough and uneven base metal and oxide surfaces that are gray, 
displaying highly scattered reflectance of light. 

Consequently, in accordance with one embodiment of this 
invention, the magnesium content of the clean sheet metal surface is reduced 
5 by treatment with a mild acid solution. The mild acid treatment may be 

enhanced electrochemically as will be described. This magnesium reduction 
treatment precedes low current density anodization. 

In accordance with a second embodiment of the invention, no 
separate magnesium reduction step is used. The cleaned aluminum alloy 

10 surface is slowly anodized in aqueous sulfuric acid at room temperature and 
at a current density in the range of about three to ten amperes per square foot 
(A/ft^) of anodized surface. It is found, surprisingly, that suitable low 
current density anodizing apparently nullifies the adverse effect of 
magnesium on the color and reflectance of the oxide layer. 

15 When acid pretreatment is employed it typically follows alkaline 

cleaning of the part so that its surface is essentially bare metal with minimal 
oxide coating. The pretreatment involves the use of mild aqueous solutions 
of sulfiiric acid (preferably 10 to 20% by weight) or nitric acid (preferably 
10 to 30%) or phosphoric acid (preferably 40 to 80%). Mixture of these 

20 solutions may be used. The aqueous acid solution is preferably warmed to 
about 60 to TO'^C. The formed AA5083 part, for example, is immersed in 
the solution for a period of minutes until the magnesium content of the 
surface layer, to a depth of a few micrometers, is selectively reduced below 
three percent by weight. The acid pretreatment process may be enhanced by 

25 direct current electrochemical processing. The purpose of the acid 
pretreatment is to selectively remove surface layer magnesium while 
smoothening and not roughening the surface of the formed part. 

An<xiization is preferably conducted in an aqueous sulfuric acid 
bath suitably containing 100 grams to 200 grams H2SO4 per liter of bath. 

30 Typically, anodization is conducted under carefully controlled bath 



temperature conditions and that practice is to be followed in this invention. 
For example, a suitable temperature range is 18 to 25**C. However, in order 
to produce a clear and smooth oxide coating up to twenty five micrometers 
thick, it is necessary to conduct oxide formation at a current density below 
5 prior art levels. Preferably, anodization is accomplished at a direct current 
density of three to ten A/fP. The selected current density level depends on 
the desired thickness of the oxide coating with lower current densities being 
preferred for thinner layers, and vice versa. 

With or without acid pretreatment for reducing surface 
10 magnesium content, the low current density anodizing process is conducted 
to produce a clear, smooth finish on the formed automotive body part so as 
to permit subsequent finishing, e.g., coloring, to a Class A automotive 
quality. 

Other objects and advantages of the invention will become more 
15 apparent from detailed descriptions of preferred embodiments of the 
invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing the effect of cmrent density on the 
20 gloss (at 60° illumination angle) of 7-10 \xm thick anodized coatings on 

AA5083 sheet samples produced at a total charge of 300 ampere minutes per 

square foot of anodized surface. The graph is a plot of gloss vs. current 

density in A/ft^. 

Figure 2 is a graph showing the effect of current density on the 
25 gloss (at 60'' illumination angle) of 10-20 ^im thick anodized coatings on 

AA5083 sheet samples produced at a total charge of 500 ampere minutes per 

square foot of ;anodized surface. The graph is a plot of gloss vs. current 

density in A/ft\ 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

The main alloying element in the AA5000 series of alloys is 
magnesium. Anodizing articles made from those alloys of the 5000 series 
5 with less that 3% magnesium will usually produce clear colorless coatings. 
However, when the alloy contains more than three percent by weight 
magnesium, the normal anodizing procedures will yield only light to dark 
gray coatings. The anodized surfaces on articles of such alloys cannot then 
be colored to produce a bright colorful decorative surface. 

10 In order to illustrate embodiments of this invention, small panel 

specimens of AA5083 alloy sheet material were obtained for processing. As 
stated above, this aluminum alloy included 4.60% by weight magnesiimi. 

The surfaces of panel specimens were manually polished using a 
polishing wheel to provide a standard surface for evaluation of the subject 

15 acid pretreatment and anodizing practices. The polishing was done using a 
random-orbital sander with progressively finer sanding pads and ended with 
1500 grit pads. 

The polished specimens were then cleaned for up to ten minutes 
in an aqueous alkaline cleaning tank at 60^*0 using a commercial cleaner. 

20 The cleaned specimens were rinsed in water. 

After rinsing, the small panels were treated to reduce their surface 
layer magnesium content and to produce a smooth glossy surface. In this 
surface treatment prior to anodizing the panels were electrochemically 
treated as anodes in aqueous 80% phosphoric acid solution at 65°C for ten 

25 minutes. A dc voltage of twenty volts was applied during the processing 
with the respective panels arranged as the anode in the electrolytic cell. 
Stainless steel (316) cathode bars were used. The panel anodes became 
polarized and magnesium ions formed at the surface which were removed 
into the acid bath. These conditions had been predetermined as suitable for 
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reducing the magnesium content below 3% by weight to a depth of one to 
five micrometers. 

The effect of various acid treatments on magnesium content is 
evaluated by determining the residual magnesium content of the surface region 

5 treated. One surface analysis technique is to sputter the surface atoms from 
the surface and £inalyze the emitted atoms by using Auger electron analysis 
(AES) for sputtered magnesium. A beam of energetic electrons, 3 to 25 keV, is 
used to eject a core level electron from surface atoms. To release energy, those 
atoms may emit Auger electrons from their induced excited state. The energy 

10 of the Auger electron, specific to the atom from which it originated, is 
measured and the quantity of Auger electrons is proportional to the 
concentration of the atoms on the surface. Auger electron spectroscopy can 
measure two dimensional maps of elements on a surface and elemental depth 
profiles when accompanied by ion sputtering. 

15 Reduction of surface magnesium content has also been 

accomplished usmg a mixture of 80% by weight phosphoric acid, 5% by 
weight nitric acid and the balance water without an electrical current. 
AA 5083 panels were dipped in this acid solution at 90^*0 for periods of two 
to five minutes.. The mixture of acids chemically smoothes the surface 

20 producing a near mirror finish. Moreover, the magnesium content of the 
upper 5 micrometers was reduced to less than three percent by weight. 

Example 1 

Following the acid electrochemical treatment for magnesium 
25 removal, samples were anodized under varymg conditions as follows. 
Anodizing was carried out in a sulfuric acid bath containing 160 grams 
H2SO4 per liter of bath, suitably 100-200 grams per liter. In a first series of 
tests respective panels were each given a total charge of 300 Ampere minutes 
per square foot of anodized surface to produce oxide layers seven to ten 
30 micrometers tliick. However, the current density was varied over the range 
from 3 A/ft^ to 25 A/ft^. The difference m the appearance of the films 
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formed at different current densities was striking. In order to quantify 
differences in the oxide layers measurements were made of their thickness, 
reflectance or gloss and surface roughness. 

The gloss of the sample surface was measured using a portable 

5 Micro-TRI Gloss meter (BYK-Gardner GmbH). The unit was placed 

directly on the sample and the gloss measurement was taken at both 60° and 
85 illumination angles. The illumination angle is the angle between the axis 
perpendicular to the sample surface and directed light. The directed light 
reflected from the surface is measured photoelectrically and described by the 

10 reflectometer value R. This is a relative measurement based on the gloss 

value of 100 for a highly polished black glass plate with a refractive index of 
1.567. 

The oxide coating thickness was measured using a Fischerscope 
MMS unit (Fischer Technology, Inc.). This device uses an eddy current 

15 method to measure coating thickness. When a conductive material 

(aluminum) is subjected to an AC magnetic field from the probe, eddy- 
currents occur in the material in proportion to the frequency of the field and 
the resistivity of the material. The induced eddy currents generate an 
opposing magnetic field, which alters the circuit reactance and the output 

20 voltage of the probe. A non-conductive coating such as anodized coating 
introduces a gap (lift-off) between the probe and aluminum. This gap 
produces a loss in eddy current penetration, which is compared to a 
measurement diirectly on the base material to determine coating thickness. 
Three-dimensional surface roughness was measured on the 

25 oxide/air and the metal/oxide interfaces by a non-contact Wyko Optical 
Profiler by Veeco Corporation. Due to the transparent nature of the 
aluminum oxide, double interference fringes occur at both the oxide/air 
surface and the metal/oxide interfaces, causing measurement problems. For 
an accurate oxide surface roughness measurement, a thin Au-Pd layer was 

30 vacuum-deposited onto the oxide/air surface to eliminate the interference 
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fringe from the metal/oxide interface. To measure the metal surface 
roughness after lanodizing, the oxide film was stripped off in a 
phosphoric/chromic stripping solution. Ra values, which are a measure of 
the surface profile arithmetic average deviation from the centerline, were 
used to quantify the surface roughness. In general, as surface roughness 
increases, gloss values decrease. 

Figure 1 is a graph of the measured gloss values @ the 60° 
illumination angle vs. anodizing current density (from 3 to 25 A/ft^) obtained 
on the cleaned and pretreated A A 5083 panels. In each case the thickness of 
the aluminum oxide coating was in the range of 7 to 10 \xm resuhing from 
the total applied charge of 300 Amp.mm/ft^ As described above, the gloss 
value is a relative measurement, a percentage of the gloss value of 100 for a 
highly polished black glass plate with a refractive index of 1.567. 

Referring to Figure 1, it is seen that the gloss values generally 
decrease as the anodizing current density was increased. And as the gloss 
values decreased, separate surface roughness measurements on the same 
panels confirmed that the coatmgs became rougher and eventually they 
darkened. At a current density of 3 A/ft^ the panels had a gloss value of 
about 119. These panels had clear glossy coatings that provided the basis for 
a Class A automotive industry surface finish. At a current density of 5 A/ft^, 
the gloss values had dropped to about 85, and at a current density of 10 A/ft^ 
the gloss had fallen to about 70. The surfaces of the panels anodized at 10 
A/ft^ were considered only marginally suitable for automotive body surface 
applications. The panels anodized at still higher current density values were 
dark and rough and considered unsuitable for coloring or finishing for 
automotive body panel use. 

Example 2 

A second set of AA 5083 panels was anodized to a higher total 
charge of 500 Amp.min/ft^ to produce thicker coatings in the range of 15 to 
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20 |j,m. These panels had all been cleaned in the alkaline cleaner, rinsed and 
electrochemically pretreated in phosphoric acid to reduce their surface 
magnesium in tihie manner by which the Example 1 panels had been 
processed. Anodizing was carried out in a sulfuric acid bath like that in 

5 which the Example 1 panels were oxidized. And, as in Example 1, 

anodizing current densities in the range of 3 to 25 A/ft^ were used. But the 
respective total ;inodizing treatment times were increased by two-thirds 
because of the greater total anodizing charge to produce the thicker coatings. 
Figure 2 is a graph of gloss values at 60"" illumination angle for 

10 the panels anodized at the various current densities to the greater total charge 
of 500 Amp.min/ft^ It is seen that the combination of longer anodizing tune 
and current density has produced a somewhat different result from the 
Example 1 panels. The most acceptable gloss values were obtained on the 
panels that were anodized at current densities in the range of 5 to 10 A/ft^. 

15 At these current densities gloss values of 45 to 55% were obtained. 

As stated, one reason for working to obtain clear anodized coating 
on high magnesium content, aluminum alloys is to then color them. But the 
color needs to applied to a clear and glossy aluminum oxide layer to reliably 
produce the desired color on a commercial scale and to produce a 

20 commercial quality finish. Following is a summary of three coloring 
methods that caa be used with clear, glossy anodized layers. 

1. Electrolytic Coloring (The two-step method) - After 
anodizing, the metal is immersed in a bath containing an inorganic metal 
salt. Current is applied which deposits the metal salt in the base of the pores 

25 of the aluminum oxide columns. The resulting color is dependent on the 

metal used and the processing conditions. Common used metals include tin, 
cobalt, nickel, and copper. This process offers color versatility and the most 
technically advanced coloring quality. The coatings can also provide 
excellent weather-fastness and light-fastness. Many structures built with 

30 these finishes have lasted more than 20 years. The color range can be 
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broadened by over-dyeing the electrolytic colors with the organic dyes for a 
wider variety of colors and shades. 

2. Organic Dyeing - In this coloring process the formed and 
anodized article is immersed in or otherwise coated with a dye solution. 

5 The organic dyeing process produces a wide variety of colors. 

3. Interference Coloring - An additional coloring procedure, 
recently in production, involves modification of the pore structure produced 
in sulfuric acid. Pore enlargement occurs at the base of the pore. Metal 
deposition at this location produces colors ranging from blue, green and 

10 yellow to red. The colors are caused by optical-interference effects, rather 
than by light scattering as with the basic electrolytic coloring process. 
Further development will produce a greater variety of colors. 

Accordingly, this invention provides processes for forming high 
gloss, clear anodized coatings on high magnesium content, aluminum alloys. 

15 Such coatings provide the basis for an attractive decorative finish on 

aluminum alloy articles. While the process and applications have disclosed 
in terms of a few specific embodiments, it is obvious that other forms of the 
methods and other applications can be adapted by those skilled in the art. 
Thus, the scope of the invention is to be considered limited only by the 

20 following claims. 
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